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Simple, rapid,- high-throughput functional bioassays for identifying^ agents that act as cither agonists or antagonists of G-protein 
coupled receptors (GPCRs) are disclosed. In the methods of the invention, a test composition is contacted with an indicator cell expressing 
a GPCR and at least one parameter of cellular nwtabolism of the indicator cells is measured to identify a lest compound(s) in the test 
composition as a receptor agonist or antagonist Tht assays can be used to screen librapries of test compounds to identify therapeutically 
useful agcmists or antagonists of GPCRs involved in disease condidons. The assays can also be used to identify ligands of "orphan" GPCRs 
whose natural ligands are imknown. Methods of generating indicator cells expressing GPCRs, and isolated populations of such indicator 
cells, are also disclosed. 
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FUNCTIONAL BIOASSAY FOR G-PROTEIN COUPLED RECEPTOR 
AGONISTS AND ANTAGONISTS 

Background of the Inventinn 

J : Cellular responses to external stimuli are primarily mediated by receptor based 
systems. One of the inost ubiquitous and sizable transmembrane receptor families, with 
members observed in organisms from bacteria to yeast to man, is the G-protein coupled 
receptor (GPCR) family. Receptors of this family associate with a membrane-bound G 
protein composed of a, p and y subunits. Following agonist binding to the receptor, a 
conformational change is transmitted to the G protein, which causes the a-subunit to 
exchange a bound GDP molecule for a GTP molecule and to dissociate from the py-subunits. 
The GTP-bound form of the a-subunit typically functions as an effector-modulatiiig moiety, 
leading to the production of second messengers, such as cyclic AMP (e.g., by activation of 
adenylate cyclase), diacylglycerol or inositol phosphates. Greater than 20 different types of 
1 5 a-subunits are known in man, which associate with a smaller pool of p and y subunits. Thus, 
different G-protein coupled rece ptomay„associate„vrith-Grproteins having-different 



10 



and/or y subunits. For reviews on signal transduction by G-protein coupled receptors, see 
Oilman, A.G (1987) Annu. Rev, Biochem. 56:61 5-649; Stiyer, L. and Bourne, H R. (1 986) 
Armu. Rev, Cell Biol 2:391-41 9; and Bimbaumer, L. ( 1 990) Amu. Rev. Pharmacol Toxicol 
20 30:675-705. 

Most GPCRs are members of the seven transmembrane segment (7 TMS) receptor 
family. This family is made up of at least several hundred distinct receptors and includes 
receptors that respond to signals ranging from environmental stimuli, such as photons, 
odorant molecules and sweet tasting sugars, to molecules involved in intercellular 

25 communication, such as biogenic amines, lipids, peptides and glycoproteins, including 

neurotransmitters, neuromodulators and homones. Structurally, the receptors of the 7 TMS 
family are composed of an extracellular amino terminal domain, seven hydrophobic regions 
that span the cell membmne, six "loop" domains that connect the transmembrane segments (3 
intracellular and 3 extracellular) and, for many but not all members, an intracellular carboxy 

30 terminal domain. The transmembrane segments of 7 TMS family members exhibit 

considerable homology, whereas the connecting loops are less conserved, showing high 
homology only between closely related receptor subtypes. Two of l^e most extensively 
studied 7 TMS receptors are rhodopsin, which is expressed in the retinal rod cells and 
converts light energy into a neurochemical signal (see e.g., Nathans, J. (1 987) Amu, Rev. 

35 Neurosci. 10:163-194) and the p2-adrenergic receptor, which is expressed in most 

mammalian tissues and activates adenylate cyclase to produce cAMP (see e.g., Dixon, R.A.F.^ 
et al. (1986) Nature 321:75-79). Additionally, the conserved structure among 7 TMS 
receptors has allowed for the cloning of many novel genes encoding 7 TMS receptors whose 
natural ligand and function are yet to be elucidated. These receptors have been referred to as 
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"orphan" receptors (see e.g.. Mills, A. and DugganM J n991^ r..«w • 

Sciences H'-iCid v ■ ^^'^■^•^^^^^)-''^ends in Pharmacological 

(1992) Neuron 9-71 0 79«:^ * . . ^^nomics H.. 199-205; and Robinson, P.R. et al. 

A- cancel -462). For a review of the role of GPPR « in 

disease, see Coughlin,S.R: (1994) C«^. C)p. Ce/^5/o;. 6-191-197 "''''^'^^ " 

/i;o«^ / "ypcnension, angma pectoris and osvchiatHr 

' 25:609-612). ^ ^^^y- ^^^^id^^^^^^ 

Summary i>f the Invpnti«» 

diseasepiis^itrr!:;'^^^^^ 

nigniyaesirable. This invention provides functional bioassavs for ir1<M,rifi- • 
antagonists of a wide variety of GPCRs Th. k;. . . "l«^t»fy«ig agomsts or 

high-throughput MoreoveT ^e^s . simple, rapid and 

6 ^^P""- '^^^o^^^f' these screenmg methods enable mammalian GPCR. «nH- 
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Compounds can be tested in these assays singly or, more preferably, in libraries of 
compounds. Thus, the assays allow for rapid screening of large panels of compounds. 
Furthermore, the assays of the invention can be applied both to known GPCRs and to 
"orphan" GPCRs for which' a natural ligand is unknown. Thus, the methods of the invention 

5 are useful for identifying therapeutically useftd agonists or antagonists of Imown GPCI^ 
well as for investigating the function of orphan GPCRs. 

In the methods of the invention, a population of indicator cells (e.g., mammalian 
cells) is contacted with a test composition containing one or more test compounds, at least 
one parameter of cellular metabolism of the indicator cells is measured and the test 

1 0 compoimd(s) is identified as a receptor agonist or antagonist. The indicator cells express the 
GPCR of interest, preferably by introduction into the cells of a nucleic acid molecule 
encoding the GPCR. The test composition can include one or several (e.g., a library) of test 
compounds. Additionally the test composition may include one or more known receptor 
agonists or antagonists. For example, a test compound can be identified as a receptor 

1 5 antagonist based upon its ability to alter the effects of a known receptor agonist on the ^ 

indicator cells when th e indicator cells are contacted vyith both the test compound and the 

known receptor agonist. Furthermore, the test composition can include one or more agents 
. that alter the metabolism of a second messenger(s) in the indicator cells. 

Preferred GPCRs for use in the assays of the invention include luteinizing hormone 

20 releasing hormone receptor (LHRH-R; also referred to as gonadotropin releasing hormone 
receptor (GnRH)), Ml muscarinic receptor and p2-adrenergic receptor (P2-AR). In another 
embodiment, the GPCR couples to a Gq/1 1 G-protein (e.g., LHRH-R, acetylcholine, - 
adenosine 1, a-adrenergic, angiotensin, bombesin, bradykinin, C5a, cholycystokinin, 
endothelin, glutamate, 5HT, histamine (HI subtype), neurotensin, neurokinin, oxytocin, 

25 thyrotropin releasing hormone, thyroid stimulating hormone, thromoboxane A2 and 
; vasopressin), In another embodiment, the GPCR couples to a Gs G-protein (e.g., p2-AR, 
cardiac P-adrenergic, histamine (H2 subtype), thyrotropin, growth hormone releasing factor 
and adrenocorticotropic hormone). In yet' another embodiment, the GPCR is a chimeric 
receptor composed of at least one ligand binding domain of a first seven transmembrane 

30 segment receptor and at least one signal transduction domain of a second seven 

transmembrane segment receptor such that the chimeric receptor couples to a Gq/1 1 G- 
protein in the indicator cells. In still another embodiment, the GPCR is an orphan receptor 
(i.e., the natural ligand for the G-protein coupled receptor is unknown). 

In one embodiment of the screening assay of the invention, the parameter of cellular 

35 metabolism that is measured in the indicator cells is viabiliiy or proliferation. For example, a 
test compound can be identified as a receptor agonist based upon its ability to decrease the 
viability and/or proliferation of the indicator cells when contacted with the indicator cells. 
Alternatively, a test compound can be identified as a receptor antagonist based upon its 
ability to increase the viability and/or proliferation of the indicator cells when contacted with 
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*e Mc^o, celk and a kno™ ,^p,o, agonis,. to this embodiment the GPCR ^f. K, 
couples .o . Gq/11 0-protein (e.g., LHEH-R) or is a ehimerie GP(i co^ . f ' 
^ndomaiKsJ^^aiiowstHechi^cHeOPCRto::;::^^ 

yaeniauvely.atestcornpound^^ 

n..l«».ee„i„gassays,,*,,Msn.e.hod.a„u=leicaeid.,nol^^^^ 
15 .ecepor agonists is inhibited. A sublepopuladdn of cells e>^^ 

20 

Brief Desrription nf'thp n.^.vinp 

Hgi«-e/^-fi are graphic representatiom of the r«^^^^ _ 
untransfected (oanel Al or trancf»„t»^ . . ox mi i oy CHO cells, either 

"ceptorftHlS (^.r^^T 
2-i . *^ of mcreasing concentrations of an LHKH b 

Tf^srsrinir"""^™™^^^^ 

■ nM. .OnMott^r!;:^r"~-^°''""°«-'*^^°^-«S^^^ 

^ f''^'-^'*°" graphic representations of the rediretion of MTThvrHn™n -.v 
™~»-'A)orW.ted.oexpressM,n,^Mc.e^,n^^^ 
30 P-cneeofmetea^geoncentradonsofanM, muscarinic ^epto^^^^"*' 

^one. ntereasntgeoncent^tions of an Ml Muscarinic t^ceptorlgonir^i^':'^^ . 
o,^^.gc„nce„t,atio„sof3gonis..ogeth^..l,M(^^^ 

35 ,«nsfec2^,h'AeVC;°'*""°*™°'*''^"*"°'^^^C^^ 
incub^edlTttac^J^'^t^r"'^^^ 

6 «i 1^ rus (at 1 nM). In two samples a known T hpu 

antagonist was "sDikeH"mtntv,»o / . * '^own LHRH agonist or 

5 Mwas spuced "ito the sample to demonstrate that both aeonktc,..^ . • 
be Identified using this assay agonists and antagonists can 
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Figure 4 is a photograph of CHO cells showing the effect of the p2-adrenergic 
receptor agonist salbutamol on the morphology and alignment of CHO cells expressing the 
human p2-adrenergic receptor. 

5 Detailed Description of the Inventinn 

This invention provides methods for identifying G-protein coupled receptor (GPCR) 
agonists or antagonists, i.e., screening assays for agents that stimulate or inhibit the activity 
of a GPCR. The methods ofthe invention are functional bioassays. The methods are based, 
at least in part, on the discovery of detectable changes in cellular metabolism that occur in 
1 0 indicator cells expressing the GPCR when the indicator cells are contacted with a receptor 
agonist or antagonist. In various embodiments ofthe invention, these detectable changes in 
cellular metabolism include changes in cell viability, cell proliferation or cell morphology. 
For example, one embodiment of the method ofthe invention is based, at least in part, on the 
discovery that an indicator cell expressing a GPCR displays decreased ceU viability and/or 
15 proliferation in the presence of a receptor agonist Moreover, cell viability and/or 
proliferation in .flie.presence_ofa receptor-agonist can be restored by the additional p^^ 



of a receptor antagonist. Another embodiment ofthe method ofthe invention is based, at 
least in part, on the discovery that an indicator cell expressing a GPCR displays detectable 
changes in cell morphology in the presence of a receptor agonist and that these morphological 
20 changes are reversed in the presence ofa receptor antagonist. 

The methods ofthe invention are simple, rapid and high-throughput assays that allow, 
for the efficient screening of either individual compounds or libraries of compounds. 
Furthermore, these methods are widely applicable to different GPCRs and can even be used 
to identify ligands for "orphan" receptors of unknown function. Accordingly, the methods of 

25 the invention can be used both to investigate GPCR function and to identify compounds 
useful for manipulating or altering GPCR activity, e.g., for therapeutic purposes. In a 
preferred embodiment ofthe invention, mammalian cells are used as indicator cells in the 
screenmg assays, thereby allowing for identification of agonist or antagonists of mammalian 
GPCRs in the context of a manmialian cellular environment. 

30 ^^^f^Pects ofthe invention pertain to methods for preparing indicator cells usefixl 

in the screening assays of the invention and compositions, e.g., cells and vectors, used in the 
assays. The various aspects of the invention are described in further detail below. . 

In one embodiment, the invention provides a method for identifying an agonist or 
35 antagonist of a G-protein coupled receptor comprising: 

a) contacting a population of indicator cells with a test composition 
containing at least one test compoimd, 

b) measuring at least one parameter of cellular metabolism ofthe indicator 

cells; and 
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0 "««iiVi»81lKatleastonetestcompomdofthe,estcomp<»iUoi,asa„ 
agonist or an anugomst of the G-protein coupled rtceptor. 

As used herein, the lean -G-protein coupled receptor" (or -OPCR-) refen 10 a 

of «. P and y subuntu a,,d which hydrolyzes GTP). Preferably, the GPCR is a Wn 
transmen^brane segment teceptoi- (or "7 TMS recq,tor-). whichrefers to a protein that 

»"«^'ycotnprises seven hydrophobic trai^lembrane spanning n^ons 
Exajnpl^ofOPCRssuitableforuseinthemethodsoffcm^^^ 

h^ton .OnRH),«eptor,,h.Ml "."scariuic receptor and the p2^er^e recqn^ <M,er 
pn^ferred receptors „,cl»i. opioid leceptors. e«io,h,li„ nrceptors, angiot^^in 
neuropeptide Yrecepto., and sermoninK receptors. " , • 8 ensm rtceptois, 

^f,'''^-^'^°f°'^>>»=l«en classified according the O-protein to wUd, 
^couplefrcassociate^flDin^nularly. in one embodiZT^r^" 

GPOts that couple to a 0,^1 1 O-protein taclude the following receptors- LHRH f-G!Rm 
™ine („,, 3 and 5 subtypes,. Ml muscarinic, adenos^e 1. ^.n^, ^tS' 
andaCsubWes).angiote„sin(ATlAs„htype,.b„n,besin3^ 

m ^ ' """^'"==>- 5"T (2A. B and C subtj^es). histamine 

In anoa»r embodiment, the GPCR used in the screening assay comles to fi e 
™™th>aOsG-p,„tem. Examples ofGPCRs that couple to G,«i;cW. 

*=f*w,ng,ecepors:p2^ergic.carda=p.adrene,gic.Wstami«e(ffi^^^^^ 
*y«>ttopn,. giowd, hormone releasing factor, adrenocorticotropic hormone (ACTO 5HT 

omc,estimu|aUngho,mone,FS„,.thyroidstimu,aU„gh„m.oL^^^^^^ 

intestmal polypeptide and parathyroid hormone. , "soacuye 

In another embodiment, .he OPCR used in the screening assay couples to 0 e 

_«th,aGiO-p„tein. ExamplesofGPCRs that couple to a Gi wLude 

^rZ "TrT"" '"'('^■'^•'^-'"^-^•^-UGlutathiieRp.Ssub™^ 
r:"-4(D4).d„pamine.2(I^cannahinoid,ad.nosin=3(AA 

subtypes), ,i-opio46-opiod,K-opiod.neuropepUdeY (1, 2 subtypes) 

'.°''"™>'^«"l»«"«n<.theQPCRUwhathasb.e„refenedtointhea,tasan 
, J^-'-P.or. AnoiphanreceptorisaGPCRthatissn^turallysimilarroILoreRs 
but for Which the natural ligand is unlau,wn prior to use of the orphan receptor int 
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screening assay of the invention. In this latter embodiment, the screening assay can thus be 
used to identify test compounds as ligands of the orphan receptor. For example, naturally- 
occurring substances can be screened in the assay to investigate whether they are natural 
ligands for the orphan receptor. Accordingly, in addition to allowing for agonists and 
5 antagonists of known GPCRs to be identified, the bioassays of the invention also are useful 
for investigating the function of orphan GPCRs by identifying ligands for these receptors. 

As used herein, a receptor "antagonist" refers to an agent that inhibits the activity of a 
GPGR, whereas a receptor "agonist" refers to an agent that stimulates the activity of a GPCR. 
Inhibition or stimulation of receptor activity by an antagonist or agonist, respectively, may be 

10 partial or complete. 

As used hereiri, the term "population of indicator cells" refers to a multiplicity of cells 
that express at least one GPCR of interest (i.e., the GPCR for which a receptor agonist or 
antagonist is to be identified). An indicatorcell "expresses" a GPCR when the GPCR is 
present on a membrane of the indicator cells. The indicator cells may naturally express the 

1 5 GPCR of interest (also referred to as "endogenous" expression) or, niore preferably, the 
indicator cells express the GPCR of interest because a a nucleic acid molecule that encodes 
the receptor has been introduced into the indicator cells, thereby allowing for expression of 
the receptor on the membrane of the cells (also referred to as "exogenous" expression). 

Cells which endogenously express a GPCR are well known in the art and can be used 

20 in the screening assay of the invention. However, more preferably, an indicator cell for use in 
the assay is prepared by introducing into the cell a nucleic acid-(e.g., DNA) encoding the 
GPCR of interest such that the GPCR is expressed on a membrane of the cell. Preferably, the 
indicator cell does not express the GPCR of interest prior to introducing the GPCR-encoding 
nucleic acid into the cell. The GPCR-encoding nucleic acid introduced into the cell is in a 

25 form suitable for expression of the receptor on a membrane of the cell, meaning that the 

nucleic acid contains all of the coding and regulatory sequences required for transcription and 
translation of the nucleic acid encoding the GPCR, which may include promoters, enhancers 
and polyadenylation signals, and sequences necessary for transport of the receptor to the 
surface of the cell, including N-terminal leader sequences. In a preferred embodiment, the 

30 nucleic acid introduced into the cells is a recombinant expression vector carrying a cDNA 
encoding the GPCR. In recombinant expression vectors, the regulatory functions responsible 
for transcription and/or translation of the cDNA are often provided by viral sequences. 

Examples of commonly used viral promoters and/or enhancers include those derived from 
polyoma. Adenovirus 2, cytomegalovirus and Simian Virus 40, and retroviral LTRs. Suitable 
35 expression vectors for expression of a GPCR in an indicator cell are well known in the art 
and many are commercially available. The recombinant expression vector can be, for 
example, a plasmid vector or a viral vector (e.g., a retroviral vector, an adenoviral vector or 
an adeno-associated viral vector). Expression of the GPCR on the surface of the indicator 
cell can be accomplished, for example, by including the native sequence of the GPCR in the 
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cDNA canned by the recombinant expression vector, 

ror example, the leader sequence from tissue plasminoeen activator rtPA^ u 
to the native sequence of a GPCR. asmmogen activator (tPA) can be added 

In Addition to introducing into the host cell a nucleic aHHm^i i 

tu^r . • . ^ " ''^'^o^fected into the host cell such tw 

the G-protem is expressed in the host cell fee «tWt«- . nosi cell such that 

15 expressthatparticularG-protein). " ^ -^i^h does not endogenously 

, ^ GPCR (e.g., a recombinant expression ve^^^^^ 

Wwmon.M»n... l -. ni F^tfrn Cold Spring Hartx,,Labo.,o,> ZT^t>?7I 

In a preferred embodiment, the indicator cells used in th^ m„tK ^ ru 

mammals (ee GPrPc«f«i, • . ^ ^^'^st is from humans or other 
a^r^t °f *«rapeutic relevance) since Ae test compoundfs) is assaved 

against the receptor within the context of a mammalian cell environLent 
to assay systems that utilize veast re p ppt a ,• • I This is m contrast 

^^-S-' *^CT Apphcation No. WO 94/2^09';. i 
M.E. et al. (1994) Proc. Soc. Exp. Biol Med 206-35-44^ n ' 

P •^^''•^•35-44) or pigment cells from amphibians or 
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reptiles (e.g., PCT Application No. WO 92/01810; and Lemer, M.R. (1 994) Trends in 
Neuroscience 11: 1 42- 1 46). Non-limiting examples of suitable mammalian cell lines that can 
be used to prepare indicator cells for use in the methods of the invention include Chinese - 
Hamster Ovary (CHO) cells, COS cells, 3T3 cells, HeLa cells and 293 cells; The most 
5 preferred cells for use in the methods of the invention are CHO cells. Other similarly suitable 
cells will be apparent to those skilled in the art. Mammalian cell lines from which indicator 
cells can be prepared are available from the American Type Culture Collection, Rockville, 
MD. 

As used herein, the term "test composition" is intended to encompass material that 

1 0 includes at least one /'test compound*', which refers to a corapoimd to be assayed to determine 
whether it is a receptor agonist or antagonist A test composition may contain a single test 
compound or multiple test compounds. For example, the test composition can include a 
library of test compounds, e.g., a combinatorial library of peptides. A library of test 
compoimds can be screened in pools, and the pools that test positive for a receptor agonist or 

1 5 antagonist can be subdivided and rescreened. This process then can be repeated as necessary 
until a single positive test compound is identified from the library. 

Optionally, the test composition can include additional substances. Additional 
substances that can be included in the test composition include known receptor agonists and 
known receptor antagonists. For example, a known receptor agonist can be included in the 

20 test composition to elicit a metabolic response from the indicator cells and a test compound 
can be identified as a receptor antagonist based upon its ability to reverse or inhibit the' 
metabolic response elicited by the receptor agonist. Similarly, a known receptor antagonist 
can be included in the test composition to elicit a metabolic response from the indicator cells 
and a test compound can be identified as a receptor agonist based upon its ability to reverse 

25 or inhibit the metabolic response elicited by the receptor antagonist. Other substances that 
can be included in the test composition include agents that alter the metabolism of second 
messengers in the indicator cells. Examples of such agents include phorbol esters (e.g., 
phorbol myristate acetate), calcium ionophores (e.g., A23 1 87), phosphodiesterase inhibitors 
(e.g., isobutyl-methylxanthine) and staurosporine. Such agents can be included m the test 

30 composition to alter (e.g., increase or decrease) the sensitivity of the indicator cells to the test 
corhpound(s) and/or a known receptor agonist or antagonist. 

As used herein, the term "parameter of cellular metabolism" is intended to include 
detectable indicators of cellular responses that are regulated, at least in part, by a GPCR 
expressed by the indicator cell. Examples of parameters of cellular metabolism that can be 

35 measured or determined in the assays of the invention include cellular viability, cellular 

proliferation and cellular morphology (explained in fiuther detail below). A test compound is 
identified as a receptor agonist or antagonist based upon its causing a change in at least one 
parameter of cellular metabolism of the indicator cells when the test compound is contacted 
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with the indicator cells, as compared to the cellular metabolism of the indicator cells in the 
absence of the test compound. 

In one embodiment of the invention, an agonist or antagonist of a GPCR is identified 
b^;'^"Poni^alnlitytoaltertheviabilityand/orpr^^^^^^^^^ 

cells. Accordmgly, in one embodiment, the invention provides a method for identifying an 
agomst or an antagonist of a G-protein coupled receptor, comprising: 

a) contacting apopulation of indicator cells with a test composition 
contaimng at least one test compound; 

b) measuring viability or proliferation of the indicator cells; and 

ther nr.t ' i"""^^^"' "^"^ ^^^^ ''^'"P^^d as an agonist or an antag^^^ 

the G-protem coupled receptor. 6 -toi 
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As descnbed in furO^er detail in Examples 2 and 3; GPCR-expressing indicator cells 
cfthemvent^onexMbit decreased cell viability and/or proliferation «*en.^^^^^ 
rector agonist. Moreover, this decreased cell viability and/or prolifexation of the bdicator 
cells can be counteracted, or reversed, by further contact of the indicator ceUs with a receptor 

T Z ^ "^^'^ "^""^^ °^ ^ of indicator cells wh^n 

™w,ththecells,ascomparedtotheviabilitya,d/orprolifera^^^ 
20 in the absence ofthe test compound. uicaiorceus 

^,^°^='^"''°<ii'"«>t, the test composition comprises a test compoundU^ 
least one knom receptor agomst or antagonist. For example, a test compound can be 
idenufied as an antagonist of a GPCR based upon itsabUity to increase the viability and/or 
pn,hferat.on of a population of indicator cells when contacted with the cells in the presence 
of a receptor ^onist, as compared to the viability and/or proUferation of the indicator cells in 
the presence ofthe receptor agonist alone. Accordingly, in another embodiment, the 

cTmpriir"''' ' '"""^^^^ 

_ .'. ^^^"^^'^^"g^ population ofindicator cells with a test composition 

30 contaimng at least one test compound and at least one known receptor agonist; 

b) measuring viability or proliferation of the indicator cells; ai^d 

"^•'^^^^"e the at least one test compound as an antagoni^ ofthe G-protein 
coupled receptor. 



35 
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specifically toxic to the cells would be selected in addition to compounds that act specifically 
as receptor antagonists. 

The viability or proliferation of the mdicator cells can be measured by one of several 
suitable techniques well known in the art. For example, cell viability can be determined by 
5 cell counts (e.g., with a haemocytometer) of cells, preferably treated with a dye such as 
trypan blue (which is excluded from viable cells) or by measuring an enzymatic activity in 
the indicator cells that correlates with cell viability, such as reduction of a tetrazolium salt 
(e.g., 3,(4,4-dimethylthiazol-2-yl)2,5-diphenyl.tetrazoIium bromide [MTT]), which can be 
detected spectrophotometrically (see Examples 2 and 3). Additionally, cell viability can be 

1 0 determined using such indicator dyes as propidium iodide, acridine orange and Hoechst 

33342. Cell proliferation can also be determined, for example, by tritiated thymidine uptake. 
For mammalian cells, measurement of cell viability or proliferation of the mdicator cells is 
typically performed at about 2 to 7 days after contact witii the test composition. 

A preferred GPCR for.use in this assay system is LHRH-R. As demonstrated in . 

1 5 Example 2, \siien an LHRH-R-expressing Chinese Hamster Ovary (CHO) cell is contacted 
with a known LHRH-R agonist, the reduction of MTT by the cells (as an indicator of cell 
viability) is decreased. Moreover, when the LHRH-R-expressing CHO cells are contacted 
with both the receptor agonist and a known receptor antagonist, the decreased viability of the 
cells induced by the agonist is reversed. A test compound(s) can similarly be screened 

20 agamst such cells and the viability and/or proliferation of the cells measured to identify the 
^ test compound(s) as a receptor agonist or antagonist. Known LHRH-R agonists or 
antagonists, which can be included in the test composition (e.g., a known agonist may be 
included in the test composition to identify test compounds as receptor antagonists) are 
commercially available (e.g., from Sigma Chemical Co., St. Louis, MO). Preferred LHRH-R 

25 agonists include LHRH analogues such as [D-His^J-LHRH, whereas a preferred LHRH-R 
antagonist is antide. 

Another preferred GPCR for use in this assay system is the Ml muscarinic receptor. 
As demonstrated in Example 3, when an Ml muscarinic receptor-expressing CHO cell is 
contacted with a known M 1 muscarinic receptor agonist, the reduction of MTT by the cells 

30 (as an indicator of cell viability) is decreased. Moreover, when the Ml muscarinic receptor- 
expressing CHO cells are contacted with both the receptor agonist and a known receptor 
antagonist, the decreased viability of the cells induced by the agonist is reversed. A test 
compound(s) can similarly be screening against such cells and the viability and/or 
proliferation of the cells measured to identify the test compound(s) as a receptor agonist or 

35 antagonist. Known Ml muscarinic receptor agonists or antagonists, which can be included in 
the test composition (e.g., a known agonist may be included in the test composition to 
identify test compounds as receptor antagonists) are commercially available (e.g., from 
Sigma Chemical Co., St. Louis, MO). A preferred Ml muscarinic receptor agonist is 
carbachol, whereas a preferred M 1 muscarinic receptor antagonist is pirenzepine. 
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^"/P^^'^^''«'»''odiment,whenviabiIityorproliferationofth^ 
used ^ the metabolic parameter based upon which a test compour^d is identified as a receptor 

agomst or antagonist, the GPCR expressed by the indicator cells couples to a Gq/11 G- 
protem. In addition to the LHRH receptor described above, other examples of GPCRs that 

ml 3 and 5 subtypes), adenosine 1, a-ad:.nergic (alA, alB and alC subtypes), angiotensin 
(ATI A subtype), bombesin (BB 1 and BB2 subtypes), bradykinin (B2 sub^) C5a 
cholycystoldmn(CC^^ 

10 n-okmin(hnC2, 3 subtypes), oxytocin, thyrotropin releasing honno^ TSH 
thromoboxaneA2 and vasopressin (Via subtypes). ' ' 

GPCR GPCR used in this functional bioassay is a chimeric 

GPCR. The cbmenc receptor comprises at least one ligand binding domain of a first seven 

^^ndseventransmembranesegm^^^ 

such^attheclumencr^eptorcouplestoaGq/ll G-protein in the indicator cells. Inother 
^bodunent^thesignaltr^^^^^^ 

20 Os or Gi, in the indicator cells. e-g-, , 

^'''f^»8*<a™«,-re of? TMS receptors, the traiKmemW segments wUl be 

Vn). n,e l,g»d btndmg doW of a 7 IMS ,ecq«or nrfets to flte portion(s) of U,e 

;^'^--«»-a,yforreeogmtionofaliga„dbyd»,eceptor.vvhe^ 

™sd«ct,o„doH«an-ofn7TMSreceptor,efers.od,cpor,ion(s)ofU,ereceptor,har«, 
necessao, for signal transducdon by the receptor and in particuto for eonpling of the receptor 
3D to a specific G-protein (e.g., Gq/11). B oi ine receptor 

The constrnction and expression „f cenain chinreric 7 TMS receptors, eontposed of 
^o^ of „,,e 7 TMS receptor fnsed to portions of a second 7 TMS recep«,r. have been 
descnbed m the art. For example, chimeras have been constn^ed bet,veen a2. and 82- 
35 lt32"!H°^"*""''''°""'^^-^='='"'**'*"'"'2ffl:131^ 

(msf™ f ' "«P'<- (see ..g.. Kubo..T. etal. 

1988)fa^W2a:119-I25).-n,es=smdiesh.vedcmonst,a,edd,atdisd„«st,nemral 
e,^„^..a7TMS.ceptorconMb«e.od,.liga„abtodi„gprope,,iesof,hereee^^ 

ort„theG.protemcoM,ngp„p.„i,,„,^^^ In particular, detenninants involved 



wo 96/41169 



- 13- 



PCT/US96/08895 



in G-protein recognition have been mapped to intracellular loop 3 (IC 3), which connects 

TMS V and TMS VI. Accordingly, in one embodiment, the "at least one signal transduction 

domain of a second 7 TMS receptor" of the chimeric receptor comprises at least intracellular 

loop3 (IC 3) ofa 7 TMS receptor that couples to a G-protein of interest, e.g., aGq/11, Ggor 
5 Gj G-protein. 

Preferably, IC 3 from an LHRH receptor (which couples to Gq/1 1 ) is used More 
preferably, IC 3 from the human LHRH receptor is used. The nucleotide and amino acid 
sequences of mouse and human LHRH-R are disclosed in PCT Publication No. WO 

94/00590 by S.C. Sealfon. According to the amino acid sequence'of human LHRH-R 
10 - disclosed therein, IC 3 corresponds to about amino acid residues 234 to 268. Therefore, to 
construct a chimeric GPCR comprising IC 3 of human LHRH-R, a nucleotide sequence' 
encoding amino acid residues 234 to 263 of human LHRH-R is exchanged for the nucleotide 
sequence encoding IC 3 of another 7 TMS receptor using standaid recombinant DNA 
techniques (such as the polymerase chain reaction, restriction endonuclease digestion, DNA 
1 5 ligation and the like). For example, to construct a p2-adrenergic receptor (p2-AR)/LHRH-R 
chimeric receptor, the region of the p2-AR cDNA encoding IC 3 is deleted and replaced with 
a nucleotide sequence encoding IC 3 of LHRH-R This chimeric cDNA can be cloned into a 
recombinant expression vector and introduced into host cells by standard techniques, as 
described above, to create indicator cells expressing the chimeric receptor for use in the 
20 bioassays of the invention. 

In addition to IC 3, the chimeric receptor may contain additional portions of the 
second 7 TMS receptor involved in signal transduction, such as IC 1 and/or IC 2. For 

ejcample, when the second 7 TMS receptor of the chimera is human LHRH-R, amino acid 
residues 62-76 (corresponding to IC 1) and/or 140-156 (corresponding to IC 2) of human 

25 LHRH-R can be exchanged for the equivalent IC .1 and/or IC 2 domains of the first 7 TMS 
receptor of the chimera. Moreover, a carboxy tenninal region may be deleted or added to the 
chimera. For example, when the first 7 TMS receptor of the chimera (which contributes the 
ligand binding domain(s)) normally incudes a carboxy terminal region and the second 7 TMS 
receptor of the chimera (which contributes the signal transduction domain(s)) is LHRH-R, the 

30 carboxy terminal region of the first 7 TMS receptor may be deleted or omitted from the " 
chimera since the LHRH receptor normally lacks a carboxy terminal region. 

In another embodiment of the invention, an agonist or antagonist ofa GPCR is 
identified based upon its ability to alter the cellular morphology ofa population of indicator 
35 cells. Accordingly, the invention provides a method for identifying an agonist or an 
antagonist of a G-protein coupled receptor, comprising: 

a) contacting a population of indicator cells vnth a test composition 
containing at least one test compound; 

b) determining the morphology of the indicator cells; and 
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theG n^t • tf'^'"''^'''^'''' °"'^^'^''"^P°""'^^^ agonist 0^ 

the G-protem coupled receptor. b ^^^i 

Chan J GPCR-expressing indicator ceils of the invention exhibit 

ch^gesmcellularn,orphology whencontactedwithareceptoragonist. Forexample 
jnd^torceUssuchasC^^ 

XHRH-R) become mo« rot^ded and detach from the culture dish when contacted J a 
receptoragomst Additionally.indicatorcellsexpressingGPCRsthatcoupIe G- 

w.th a rec ptor agomst. Moreover, such changes in cellular morphology can be counteracted 

or reversed, by further contact oftheindicatorcellsv^thareceptora^^^^ 
t^tcompoundcanbei^^^^^^^ 

cellular mo:phology of mdicator cells, as compared to the cellu^^ 

of the test compound, when the cells are contacted with the test compoLd 

I» ^°^«;e'«bodimentoftUsbioassay, the test com^^^^^^ 
compound(s)andatleastoneknownreceptoragonistorantagonist. Forexample atest 
compound can be identified as an antagonist of a GPCR based upon its ability in 'the 
presence of a receptor agonist, to «tum the indicator cells to their original moiphology when 
cultured m the absence of the agonist. Accordingly, in another embodiment, t^e inventiln 
prov^desamethodforidentifyinganantagonistofaG-proteincoupledreci^^^ 

a) contacting a population of indicator cells with a test composition - 
contaimng at least one test compound and at least one known receptor agonist- 

b) determiningthecellularmoiphologyoftheindicatorcells;Md 
coup,edreceptr'"''''^''^^"'^"""^"^~"-~^ 

acelLedlularmorphologyofindicatorcellscanbedetennm^^ 

microscopy. Moreover, digital imaging of the ceils can be performed to quantiL 

P^sofcellularmorphology.suchascellsurfacearea. For mammalian cells 

With the test composition. 

.nd.ca,orcelb. For exan,pIe.h™rio^ embodtaea^Ae GPCR can coupler ,Oq/l 1 O- 
protem or a G, protein, to GPCR <:.„ be a chimeric recepBr or the GPCR ean be an 

orphan" receptor. 



Another aspect of the invention pertains to methods for prepaiine cells that e™«, 
r=combinan.OPCR.Thesece,.ares„itab,efornseasi„dicat:rc^i:rbt*::^^^^ 
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invention. The methods of the invention for preparing GPCR-expressing cells are based, at 
least in part, on the discovery that stimulation of a recombinant GPCR expressed on a host 
cell with a receptor agonist can lead to decreased cell viability and/or decreased cell 
proliferation. Accordingly, for improved generation of GPCR-expressing cells, stimulation 
5 ofthe GPCR by receptor agonists is inhibited or avoided. Thus, the invention provides an 
improved method for preparing a cell that expresses a recombinant G-protein coupled 
receptor on a membrane ofthe cell comprising introducing into the cell a nucleic acid 
molecule that encodes the receptor such that the receptor is expressed on a membrane ofthe 
cell, under culture conditions in which stimulation of the receptor by receptor agonists is 
10 inhibited. 

As used herein, the term "recombinant G-protein coupled receptor" refers to a GPCR 
that is encoded by an exogenous nucleic acid molecule introduced mto a host cell (e.g., the 
GPCR is encoded by a recombinant expression vector that is transfected into the host cell). 
Preferably, the host cell lacks endogenous expression of the GPCR. The recombinant GPCR 
15 may be derived from the same species as the host cell or from a different species than the host 
cell (e.g., a human recombinant GPCR can be expressed on a non-human host cell, such as a 
CHO, COS or 3T3 cell, etc.). 

In one embodiment of the method for generating a cell expressing a recombinant 
GPCR, the "culture conditions in which stimulation of the receptor by receptor agonists is 
20 inhibited" comprise culture of the cell in a medium that contains a receptor antagonist 
Known receptor antagonists for many different GPCRs are commercially available. For 
example, for LHRH-R, the known receptor antagonist antide can be included in the medium 
or, for the Ml muscarinic receptor, the known receptor antagonist pirenzepine can be 
included in the medium; 

25 In another embodiment of the method for generating a cell expressing a recombinant 

GPCR, the "culture conditions in which stimulation of the receptor by receptor agonists is 
inhibited" comprise culture of the cell in a medium that lacks receptor agonists. Media that 
lack receptor agonists may be prepared, for exsmpl^^^ 

agonists have been remoyed, e.g., by dialysis. For example, dialyzed fetal bovine serum can 

30 be used as the source of growth factors for the cells. 

In the method ofthe invention for preparing a GPCR-expressing cell, the cell can be * 
maintained under the culture conditions in which stimulation of the receptor by receptor 
agonists is inhibited until stable expression of the receptor on a niembrane ofthe cell is 
achieved. Accordingly, the invention fiirther provides methods for preparing stable 

35 populations of cells expressing recombinant GPCRs. As used herein, a "stable" cell 
population refers to cells whose expression of a recombinant GPCR remains essentially 
unchanged over time in culture (e.g., due to integration ofthe GPCR-encoding nucleic acid 
into the genome of the cell). Preferably, expression of the GPCR by the cell is stable for at 
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least one month, more preferably six months, even more preferably one ^ 
preferably, indefinitely. 

Another aspect of the invention, therefore, pertains to stable populations of cells 
^pr^sangrecombinantGPCR.. The invention provides improved cell populations that can 

t't'n " " embodiment, 

these cells comprise a stable population of cells expressing a recombinant G-protein coupled 
receptor m a culture medium under culture conditions in which stimulation of the receptor by 
recepo^agomstsisinhibited. The "culture conditions in which stimulation ofthe receptor by 
--P-^8onists-nhibited"cancomprise.forex^p,e.acul^ 

m which the serum therem has been dialyzed). as described above. 

chim^^cGPCRsandhostcellsexpressingchimericGPCRs. For example, the invention 

^PCR). -n.c chimenc GPCR comprises at least one ligand binding domain of a first seven 
transm^brane segment receptor and at least one signal transduction domain of a second 
seven transmembrane segment receptor such that the chhneric GPCR couples to a Gq/1 1 G- 
protein when the chuneric GPCR is expressed in a host cell. Preferably, the second 7 TMS 
receptor .s an LHRH receptor. More preferably, the second 7 receptor is human LHRH 

receptor Il.efirst7™s receptor ofthechimerapreferablyisaGPCR^^ 
not coupletoaGq/,1 G-protein. For example, the f„st7™^ 

^eptorCv^ch couples to G^. Nucleic acids encodingcMmeric.^^^^^ 
pomon(s) of the second 7 TMS receptor for the nucleotide sequences encoding the ■ 

13'"!^"^'^°'*^'^''™'"'^^"^"'^^^^^^ Forexamplcina 
pi^fened embodiment, portions of a cDNA encoding the first 7 TMS receptor are replaced 

^th portions of the LHRH-R cDNA comprising the signal transduction domain(s) of LHRH- 

R- ^"^;>« °n«e'«bodiment, the nucleic acid ofthe invention encodes a chimeric recep^ 
com„trace^^^^^ 

R. In another embodiment, the nucleic acid of the invention encodes a chimeric receptor 

r2~iZ ^'^t'' (e.g..preferably IC 

1. 2 ^d 3 of LHRH-R). In yet another embodiment, the nucleic acid of the invention 

2TZ)T^7T7T''''''' ^"^^ ' of a GPCR that couples 
o Gq/Il (e.g.. preferably LHRH-R) and fiirthermore. the carboxy terminal domain of the 

dnmencreceptorisdeleted. Recombinant expression vectors comprising a nucleic acid 
molecule encoding a chimeric GPCR and host cells into which such a recombinant 
expression vector has been introduced are also encompassed by the invention. Such host 
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cells expressing a chimeric GPCR can be used as indicator cells in the bioassays of the 
invention. 



Another aspect of the mvention pertains to a Chinese Hamster Ovary (CHO) cell that 
5 expresses a recombinant human luteinizing hormone releasing hormone receptor. Yet 
another aspect of the invention pertains to a Chinese Hamster Ovary cell that expresses a 
recombinant chimeric G-protein coupled receptor. The chimeric receptor comprises at least 
one ligand binding domain of a first seven transnlembrane segment receptor and at least one 
signal transduction domain of a second seven transmembrane segment receptor^ wherein the 
10 chimeric receptor couples to a Gq/1 1 G-protein in the cell. Preferably, the second 7 TMS 

receptor of the chimera is an LHRH receptor. More preferably, the second 7 TMS receptor of 
the chimera is a human LHRH receptor. The CHO cells of the invention also can be used as 
mdicator cells in the bioassays of the invention, 

1 5 The methods of the invention for identifying agonists or antagonists of GPCRs are 

useful for identifying compounds that may be therapeutically useful in the treataient of 
disease conditions that involve aberrant activity of a GPCR. Many human diseases have been 
traced to a mutation in a GPCR (reviewed in Coughlin, S.R. (1994) Curr, Op, Cell Biol 
6:191-1 97). Moreover, many human diseases are currently treated with known agonists or 

20 antagonists of GPCRs. Examples include LHRH agonist such as leuprolide, gonadorelin and 
nafarelin, which have been used to treat prostate and breast carcinomas, uterine leimyomatas, 
endometriosis, precocious puberty and nontumorous ovarian hyperandrogenic syndrome, the 
cardiac p-adrenergic receptor antagonist propranolol, which has been used to treat 
hypertension, angina pectoris and psychiatric disorders, the pulmonary p2-adrenergic 

25 receptor agonist metaproterenol, which has been used as a bronchodilator and the histamine 2 
receptor antagonist cimetidine, which has been used to treat ulcers and idiopathic urticaria: 
Other examples of GPCRs and their potential clinical indications are as follows: 
acetylcholine (motion sickness); adenosine 1 (renal disease, sleep apnea; cognitive disorders); 
a-adrenergic (hypertension, benign prostatic hypertrophy, impotence); angiotensin (renal 

30 disease); bombesin (small cell lung cancer; smooth muscle contraction); bradykinin 

(inflanmiation); C5a (inflammation); choly-cystokinin (panic attack; analgesia); endothelin 
(hypertension, myocardial infarction, ulcers, asthma, renal failure); and glutamate (memory 
& learning). Additional and improved receptor agonists and antagonists can be identified 
using the screening assay of the invention. Moreover, ligands of orphan GPCRs of unknown 

35 function can be identified, thereby allowing for an increased understanding of the 

physiological role for these orphan GPCRs and perhaps the use of agonists or antagonists 
therefor as therapeutic targets. 
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uig. contents ofall references, patents and published patent 

• EXAMEtEi: C.„«™c«...,„,„,i„^,c.« Exposing a L..».,zi., 

Hormone Releasing Hormone Receptor 

receptora'fJ^'S'"'-'^^^^^^^^^ 

receptor (LHRH-R), suitable for use in the screening assays of the invention a cDNA 

• encoding human LHRH-R was cloneHJnt^o,^ u- «^uuon, a cujna 

»uc,»,C 'T^S'"""" 1.HRH-R protem of ™i,K, acid s«p«,ce m 

bvth^QVAo u °'°f ^^^^''"^s- I" the vector, expression Of LHRH-R was directed 
bytheSV40enhancera„dtheadenovirusmajorlatepromoter. Additionally theve^^r 
cont.nedadihydofoIatereductase(DHFR)geneasase.ectablemarr • 
America t"".? reductase-deficient CHO cells (DUKX B 1 cells; available from the 
Amencan Type Culture Collection, RockviUe, MD, Catalog No ATCC CRL 901 T 
transfected with the above-described LHRHR. ^^^g ^^O- AfCC CRL 9010) were 
™ ^ , . lescnoed LHRH-R expression vector by standard lioofection 

m«h<mexaK. SBble clones »«. sclecW based o„ fcir acquired me4o«xaK «i w 

cT^. (-mmercUdly available ftom Sigma Ch«„ic=l 

P^r^^r' "T'""''™^ ' >00,«nomL.o,i„fl« 

^.s^ces. ^ =no.e.co::T:z:^^oD;;SB,T""' 
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After 5 days of culture, cell viability was assessed using the viability indicator 3,(4,4- 
dimethylthiazoI-2-yl)2,5-diphenyl-tetrazolium bromide (MTT). (See Shearman, M.S. et al. 
(1994) Proc. Natl. Acad. Sci. USA 91.: 1470-1474; Hansen. M.B. et al. (1989) J. Immun. 
Methods 119:203-21 0). MTT (commercially available from Sigma Chemical Co., St. Louis, 
MO) is a chromogenic substrate that in viable cells is enzymatically reduced from a yellow 
color to a blue color, which can be detected spectrophotometrically. To measure cell viability 
in the presence of the agonist and/or antagonist, MTT (at a final concentration of 1 mg/ml) 
was added to the cells for the fmal 2.75 hours of culture at 37 °C. Following incubation with 
MTT, the media was removed and the cells were lysed in isopropanol/0.4N HCl with 
agitation. The absorbance of each well at 570 nm was measured to quantitate viable cells. 
Alternatively, MTT was soIubiUzed by addition of 50 % N,N-dimethyl formamide/20 % 
sodium dodecyl sulfate added directly to the media in.the wells and viable cells were likewise 
quantitated by measuring absorbance at 570 nm. 

The results of a representative example of a bioassay using LHRH-R-expressing CHO 
cells are shown graphically in Figure IB, whereas the results with control untransfected CHO 
cells are shown graphically in Figure lA. The data iUustrated m Figure IB demonstrate that 
the viability of the LHRH-R-expressing CHO cells was not affected by the presence of 
increasing amounts of receptor antagonist alone, whereas cell viability was markedly reduced 
in the presence of increasing amounts of receptor agonist alone (indicated by reduced 
20 absorbance at 570 nm). Notably, this reduced cell viability in the presence of the receptor 
agonist was reversed when the receptor antagonist was present together with the receptor 
agonist. This effect was dose dependent, with higher concentrations of receptor antagonist 
leading to greater cell viability. In contrast, neither die agonist or the antagonist had any 
effect on the viability of untransfected CHO cells (Figure lA), demonstrating that this 
25 phenomenon is dependent upon the expression of LHRH-R on the CHO cells. 

The results described herein demonstrate that increased viability of the LHRH-R- 
expressing CHO cells in the presence of a receptor agonist and a second compound, as 
compared to viability of the ceUs in the presence of the agonist alone, indicates that the 
second compound is a receptor antagonist. Furthemiore, the results demonstrate that 
30 decreased viability of the LHRH-R-expressing CHO cells in the presence of a receptor 
antagonist and a second compound or in the presence of the second compound alone, as 
compared to viability of the cells in the presence of the antagonist alone or in the absence of 
any compounds, indicates that the second compound is a receptor agonist. 

35 EXAMPLE 3 : Assays for Ml Muscarinic Receptor AntagonUts and y^onists 

CHO cells transfected to express an Ml muscarinic receptor (e.g.. Ml WT3 cells, 
available from the American Type Culture CoUection, Rockville, MD, Catalog No. CRL 
1 985) were used in a bioassay to identify antagonist or agonists of the Ml muscarinic 
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nT'""' " ^""""^ -V- Pla^d into d,e weUs of 

ft. agon,s, «,d*. antagonist a, various combinatio.. of cc»«.,adc,.. ZZ^ ^ 
™c ^...xpressing CHO ceUs „„e o^n^ i„ ^ absence of ^/^^ 

Ml muscanmcreceptor-exDressinff THn p-iu u "'"assay using the 

. expressing LHO cells are shown graphically in Fieure 2R 

the results with control untransfected CHO u «> **igure 2B. whereas 

. uniransiectecJ CHO cells are shown grapWcally in Figure 2A «!Jmii=, 

.0 fte resute obscved wift fl. UKH-R^ing cells dSc^bed in^lLTj 1 
.Uus«,edi„Fi^2Bd=„„ns«a.4a.fteviabili.,offteMln,„sl^r^*'^ 

exp,=ssn^CHOcclls™s„„.afIe«edbytop^„„ofincreasingan,IZL,o, 
a^^on.s.(pn^e,^one.„l^ascel,viabiU^™s,„art..^/^^rI^:L 

was dose dependent ,vift Mgker concen^ons of ™:q,„r »,,ag„L l^L 
g«.»cel vUbm,y. heon»ast„eid,er*ea8„„is,ord,eaIgonis.LT„^r^^ 
.*U,.yofnn,,a.,^^CHOce,ls(Flgnre2A,,de^ons™^^^ 

depende«„po„d,eexp„ssionofMlm«scannic«^p«,r„nfl«CHOcl 

The results described herein demonslrale that increased viabilitv of il,. mi 

second compo^d .s a receptor antagonist. Furthem^ore, the results demonstrate that ' 
decreased viability of the Ml muscarinici^eptor-expressine CHO 

°f-y-nipounds,indicatesdiatthesecondcompoundisareceptoragonist^^^^^^^^^^^^ 
IXAMPLE4: Screening ofaLibraiy of Test Compounds 

^.LHRH-R-expressingcellline.preparedasdescribedinExamnlel w« • k » / 
w..halibra.,ofc„n.pounds,„identif,.go.is.soran.gonis,sof,tbe^:^ 
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was comprised of at least 100 .different peptide compounds produced using combinatorial 
methods, divided into 10 sample pools of at least 10 compounds each. The final 
concentration of peptide was 1 .5 ^iM in each well of the 96-well plate. Two of the samples 
were "spiked" with either the LHRH-R antagonist antide (in sample 6 at 1 .5 ^M) or the 
5 LHRH-R agonist D-His^-LHRH (in sample 4 at 1.5 ^M). 

Cells were assayed in the "antagonist mode" (i.e., conditions which allow for 
identification of receptor antagonists) by coincubating test compounds in the presence of 
I nM D-His6-LHRH, or in the "agonist mode" (i.e., conditions which allow the identification 
of receptor agonists) by incubating test compounds alone with no other additions to the cell 

10 culture. After 5 days of cultiire, cell viability was assessed as described in Example 2. The 
results, shovm graphically in Figure 3, demonstrate that the assay system in the "agonist 
mode" readily identified the sample spiked with the known LHRH agonist (sample 4, with 
D-His^-LHRH), whereas the assay system in the "antagonist mode" readily identified the 
sample spiked with the knovm LHRH antagonist (sample 6, with antide). Furthermore, the 

1 5 presence of the pool of combinatorially-produced peptides did not interfere with the assay, 
indicating that complex mixtures of compounds can be screened using the system of the 
invention. 

EXAMPLE 5 : Description of Cell Morphology Changes 

20 

A human p2-adrenergic receptor-expressing cell line, prepared as described in 
Example 1, was incubated with either 1) 1 nM salbutamol (a known p2.adrenergic receptor 
agonist) or 2) 10 nM butoxamine (a knovm p2-adrenergic receptor antagonist) together with 
salbutamol, in complete growth medium. Several days later, cells were analyzed by 

25 photomicroscopy to determine the effect of treatment on cell morphology. A representative 
photograph of the results with cells treated with salbutamol alone is shown in Figure 4. 
Salbutamol induced both a change in cell shape (i.e., elongation of the cells) and an 
alignment of the cells with each other. Consequently, the total are of the culture surface 
covered by the cells was greatly reduced by exposing the cells to salbutamol. Cells exposed 

30 to both salbutamol and butoxamine were indistinguishable from control cells, demonstrating 
antagonism of this effect by the receptor antagonist. Assessment of the agonist or antagonist 
properties of individual compounds or libraries of compounds can be achieved by, for 
example, microscopic observation of the* cells, or alternatively, by video digitizing techniques 
to quantify cell shape changes and/or cell alignment changes. Butoxamine alone produced no 

35 detectable change in cell shape or alignment, nor did salbutamol on untransfected CHO cells > 
that did not express the recombinant p2-adrenergic receptor. 
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EOUIVAI.FNTR " , 

in the art recognize, or be able to ascertain usin^ 
routine experimentation, many equivalents to the specific embodiments of the invention 
descnbed herein. Such equivalents are intended to be encompassed by the following claims 
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CLAIMS 

L A method for identifying an agonist or an antagonist of a G-protein coupled 
receptor, comprising: 

5 a) contacting a population of indicator cells with a test composition 

containing at least one test compound; 

b) measuring at least one parameter of cellular metabolism of the indicator 

cells; and 

c) identifying the at least one test compoimd as an agonist or an antagonist of 
10 the G-protein coupled receptor. 

2. The method of claim 1 , wherein the indicator cells are mammalian cells. 

3. The method of claim 2, wherein a nucleic acid molecule that encodes the 

1 5 receptor has been introduced into the indicator cells such that the receptor is expressed on a 
membrane of the cells. 

4. The method of claim 3 , wherein the test composition comprises a library of 
test compounds. 

20 

5. The method of claim 3, wherein the test composition further comprises at least 
one known receptor agonist or at least one known receptor antagonist 

6. The method of claim 3, wherein the test composition further comprises at least 
25 one agent that alters the metabolism of at least one second messenger in the indicator cells. 

7. The method of claim 3, wherein tiie natural ligand for the G-protein coupled 
receptor is unknown. 

30 8. A method for identifying an agonist or an antagonist of a G-protein coupled 

receptor, comprising: 

a) contacting a population of indicator cells with a test composition 
containing at least one test compound; 

b) measuring viability or proliferation of the indicator cells; and 

35 c) identifying the at least one test compound as an agonist or an antagonist of 

the G-protein coupled receptor. 



9. 



The method of claim 8, wherein the indicator cells are mammalian cells. 
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10. ■n«'«hodotcta9,wh=,«Ba„ucldcaoidmoW=totencode5UK 



12 ■^■°«1>»1 "Maim ll.wtointhe G-protetaccipled receptor is a 
'««»«-8h<^-e..tei„6h„nnon=.cep,„r„ranM.M„»:ari^e^^^^ 

G^orolo-pro""'"'"^" « -PW"cep„rc„„p,es. a 

^Bm«,eccp«ra„da,laa.,„„.si8„ai™.4„cU<,.do„«i„„f,«,„^^r 

^™'"~»^™,«»p,or^h«,a,a«chimericr.o.pu^couplesioaQ^,, G- 
protein in the indicator cells. vj4,ii u 



20 



!Lds^' ' °' "'"^^ ^-t composition comprises a Ubraiy of 



test compounds. 



'^'"'*°''°^'^^'^10'^h««inthetestcomi>ositionftahercompri^^^ 
'-toneknownreceptoragonistoratleastonekno^^receptorantagonist. 

17. "n^^methodofclaimlO.whereinthetestcompositionfurthercomprisesat 
least one kno^ ^ceptor agonist to thereby identify a receptor antagonist. 

30 le«.. "^''"^ composition further comprises at 

30 •--eagentthataltersthemetabolismofat.east^^^ 

receptor^'unJI"^^^^ 

35 

r.oep^r'Lp^.::;'"''"'^'*'"^"-''"-^'"-— 
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b) determining the morphology of the indicator cells; and 

c) identifying the at least one test compound as an agonist or an antagonist of 
the G-protein coupled receptor. 

5 21 . The method of claim 20, wherein the indicator cells are mammalian cells. 

22. The method of claim 2 1 , wherein a nucleic acid molecule that encodes the 
receptor has been introduced into the indicator cells such that the receptor is expressed on a 
membrane of the cells. 

10 ^ 

23. The method of claim 22, wherein the G-protein coupled receptor couples to a 
Gq/1 1 G-protein. 

24. The method ofclaim 23,.wherein the G-protein coupled receptor is a 
1 5 luteinizing hormone releasing hormone receptor or an M 1 muscarinic receptor. 

25. The method of claim 22, wherein the G-protein coupled receptor couples to a 
Gg G-protein. . \ 

20 26. The method of claim 25, wherein the G-protein coupled receptor is a p2- 

adrenergic receptor. 

27. The method of claim 22, wherein the G-protein coupled receptor couples to a 
Gj G-protein. 

25 

. 28. Themethodofclaim22,vsiierein the test composition comprises a library of 
test compounds. 

29. The method of claim 22, wherein the test composition further comprises at 
30 least one known receptor agonist or at least one known receptor antagonist. 

30. The method of claim 29, wherein the test composition further comprises at 
least one known receptor agonist to thereby identify a receptor antagonist. 

35 ^ 3 1 . The method of claim 22, wherein the test composition further comprises at 
least one agent that alters the metabolism of at least one second messenger in the indicator 
cells. 



10 



15 
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33. A meftod for preparing a cell that expresses a recombinant G-pratein counled 
.^^e.tn„c„n....„..s.,,.„„- — 

34. "I^^^^ethodofclaim 33. wherein the culture condition include culture 
cell in a medium that contains a receptor antagonist "ciude culture of the 

cell 5n "^t ""f ^^'^"^ ^''^•'^ ^O"*tions include culture of the 

cell ma medium that lacks receptor agonists. = culture ot the 

36. The method ofclaim 33, wherein the cell is maintained under the culture 
expression of the receptor on a membrane of the cell is achieved. 



25 antagotut ^ *"ultnre ^edinn. contains a receptor ' 

39. ™=«ll»ofelaim37,»herelnfl«cutaremediumlacl=srecep,orag„nis.s. 
^ 40. The cells of claim 39. wherein sem.n1„^,^^„^.^^^__.^^ 

. ^nn„:'„ica:.g^ro:::r.::'""'"^ 

42. A Chinese Hamster Ovaiy cell that expresses a recombinant chimeric r 

0 i^nll^:^ ^•''^ -"'^ domain 

aO,,X™r'"=^--''----^^-'^"'>^n.=H=.ecept™ 
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